This article evaluates the knowledge obtained in fi refi ghting tests using compressed air foam system (CAFS) within a confi ned space. Six experiments were conducted for verifi cation during the cooling of rooms and the self-extinguishing effect. The simulation was for a fully developed fi re within a room. The fuel was chosen to simulate ordinary combustible materials utilized in residential areas. Mantel thermocouples were placed in the rooms to record the temperature changes. Compressed air foam was fi rst applied with a standard fi re hose nozzle to the ceiling and then to the epicenter of fi re. Fire extinguishing was initiated after reaching the desired temperature in the room. The temperature for the start of fi re extinguishing matched the third phase of development of a fi re. Fire extinguishing was terminated after no obvious signs of fi re were shown in epicenter of fi re. The outputs of the experiments were evaluated on the basis of the amount of time passed for the temperature to drop below the suggested limit. Individual experiments were also conducted with various different admixing foaming agents over different locations. In the experiments, it has been verifi ed that the application of compressed air foam has a positive effect on room cooling. Use of a compressed air foaming agent does not allow for the development of steam that can scald fi refi ghters and reduce visibility. Furthermore, the extinguishing agent used is more effi cient utilizing less water fl ow out of the fi re area.
Introduction
Fire brigades have utilized compressed air foam in the Czech Republic since the late 1990's. The technology is not new in the world but still progressing. Compared to conventional standard air foam, compressed air foam has a higher percentage of small bubbles with the same number foaming (Laundess et al., 2012) . Compressed foam better adheres to solids and is more resistant to thermal radiation (Särdqvist, 2002) . In addition, the directfi ghting foam surface protects against radiant heat transferred by surrounding fi res. Another positive characteristic is the reduction of the need for water to extinguish. When using a full fl ow of water to extinguish fi re solids, only 5 -10 % of the water is effective for heat reduction, which means that 90 % of water remains or drains from the fi re area unused. The unused water can cause damage, and we can talk about the so-called extinguishing culture (Magrabi et al., 2002; The Boston Fire Department, 1994) . CAFS is benefi cial in areas where it is necessary to limit the amount of water used for fi refi ghting (Kim and Crampton, 2000) . Another application of CAFS is for use in fi refi ghting in aircraft hangars, which achieves better results than conventional systems based on basic water extinguishing (Cheng and Xu, 2014; Kim and Crampton, 2001) .
The unique aspect of fi re hoses with compressed air foam is that the hoses are signifi cantly lighter; some sources suggest that up to 61 % less weight over the hose with pressurized water only. The disadvantage is the greater tendency of fracturing and the possibility of limiting the fl ow of a burning hose (Grant, 2012) . The greater reaction force acting on the operator at the nozzle cannot be overlooked in the event of prolonged closure of the nozzle and pressurizing the hose (Dicus at el., 2013) . Due to the different specifi c gravity of compressed air foam versus water, a lower hydrostatic pressure is produced by the foam allowing the foam to be displaced through the hoses at considerably greater heights than the fi re-fi ghting water or a solution of water with a foaming agent. Compressed air foam is utilized primarily for fi refi ghting of solids, diffi cult to wet combustible materials and fl ammable liquids. Up to 87 % savings on extinguishing agents over conventional extinguishing methods using water and class B foaming agents when using CAFS on fl ammable liquid fi res. The CAFS system is able to extinguish fl ammable liquid fi res using foaming class A (Crampton and Kim, 2004; Su et al., 2012; Wang et al., 2009) . CAFS use in confi ned spaces can have the advantages of an improved extinguishing effect versus extinguishing water. When fi ghting a fully developed room fi re, the use of CAFS can extinguish the fi re faster than water alone or conventional foam (Kim and Crampton, 2012) . The next and most important benefi t is the reduction of peripheral damage caused by the extinguishing water and the creation of an environment in the area with better visibility (Lyckebäck and Öhrn, 2012) . Verifi cation tests were performed using simulated fi res in actual building rooms to verify the possibility to use different types of foaming agents on newly acquired fi re fi ghting vehicles CAS 30/9000/540-S3VH-CAFS.
Materials and methods

Test equipment and place
The FRB MSR used an existing building that was prepared for demolition for training. The building was a three-story, full basement building, with a structural system based on a combination of reinforced concrete columns and full brick peripheral walls. The ceilings are monolithic reinforced concrete or concrete inserts into the steel girders. The fl at roof of the building is covered with asphalt waterproofi ng. The building itself will be demolished following the intensive training. The architectural and structural condition of the building is preserved, with no leaking rainwater and statically sound. The objective was to perform the tests chosen in three rooms on the same ground area, ground plan dimensions of 2.79 x 5.6 m and a ceiling height of 3.2 m. To limit the ventilation sheet metal lockers were placed in the windows of the rooms so that the vent area of the window (400 mm x 1800 mm) was approximately the same in all cases. The temperatures were recorded using sheath type K thermocouples, which were distributed as follows: T1 -100 mm below the lintel ventilation areas of the window opening; T2 -100 mm below the ceiling in the middle of the room; T3 -1000 mm below the ceiling in the middle of the room; T4 -100 mm below the lintel of the front door to the room.
Deployment of the thermocouples is shown in Fig. 1 .
Fig. 1 Floor plan layout and thermocouples
Sheath thermocouples were used because of easy preparation for further use even after heat exposure to fi re. For continuous monitoring and recording of temperature OMEGA HH309 data loggers were used. For visual recording, a watercooled camera was placed near the fl oor of the room. Thermographic imaging was also conducted through the window of the room from an outside FLIR T640 thermal camera. 20 -25, DOI 10.1515 20 -25, DOI 10. /tvsbses-2015 To simulate the fi re in the room the following combustible materials were used: sofa, chair, wardrobe, 8 pieces of wooden pallets, and two rubber tires. This equipment represents a fi re load of approximately 38 kg.m -2
. The disposition of the fl ammable materials is shown in Fig. 2 .
The fi re load in the room was chosen such that a fi re with excess and fuel limited ventilation was created. The maximum heat output during fi re, directed by the ventilation is to be determined from the formula 1.1 (Kawaoge, 1958 According to the above formula, the ventilation conditions for the heat output fi re in a model room will be at max. 7.14 MW.
The vehicle CAS 30/9000/540-S3VH-CAFS fi t with a device for producing compressed air foam type; One Seven OS-C0-100-MR was used Fig. 3 . The foam was applied with a streamline AWG CAFS Turbo-Twist nozzle with a diameter of 25 mm. 
Test procedure
Test procedure was as follows: 1. The fl ammable material in the room was ignited and left to heat up freely. 2. The hallway was prepared with a pressurized stream of compressed air foam. 3. After reaching 700 °C in one of the thermocouples, instruction was given to start fi re extinguishing. 4. Before starting the extinguishing, foam was released from the nozzles to achieve a consistent fl ow of foam. 5. The foam was applied gradually to the room from side to side along the ceiling of the room and into the epicenter when located. 6. Extinguishing was terminated when the temperature dropped signifi cantly below 150 °C as measured at the thermocouple. 7. The behavior of the fi re in the room was observed.
The building is constructed of a non-fl ammable construction system; the spreading of the fi re is possible only on the surface of the fl ammable materials or through hot pyrolysis gases and smoke. Localization of the fi re is possible in terms of thermodynamics and considers no room fl ashover. The temperatures of the hot gases must be substantially lower than 600 °C. For a safe threshold, the temperature of the hot gases of 200 °C was considered when the majority of fl ammable substances has not reached ignition temperature. Thus extinguishing time was considered as the time between the start of application the foam stream to the room temperature drops to thermocouples below 200 °C. 
Results and discussion
A total of 6 tests were performed each in three rooms and over two days as listed in Tab. 1 below. Different types of foaming agents intended for producing compressed air foam with different admixing foaming agent in water were used.
Tab. 1 Overview of tests and extinguishing agents used
Course temperature were recording by every measurement. Fig. 6 is a temperature curve for test no. 1 one can observe a re-ignition and the re-burning temperature after the application of the dry foam. After re-ignition, the fi re was liquidated with wet foam. In other tests already on the basis of this experience is used only wet foam. Fig. 6 The temperature of the thermocouple T2
(the ceiling) test no. 1 Fig. 7 Temperatures at the thermocouple T2 (the ceiling) in the tests no. 2 -6
The course of the temperature at thermocouple installed below the ceiling in the tests no. 2 -6 is in Fig. 7 . The output temperature from test no. 2 is distorted, and the disappearance of the ceiling mounted thermocouple. Measured values and temperatures are signifi cantly lower than the reality, but the course of application of the extinguishing agent as well as the video evidence can be used to ascertain the actual temperatures reached.
For illustrative purposes, in Fig. 8 Fig. 8 The temperature for all thermocouples during the test no. 4
Tab. 2 shows the extinguishing times determined according to the above conditions and the state after the application of the extinguishing agent. From the results it is apparent that the maximum time between the longest is more than three times the shortest time to extinguish. In this case (test no. 3) was applied a foaming agent designed to extinguish fl ammable substances in Class A in the right admixture according to the manufacturer's documentation. It can therefore be concluded that the variations in the blending of foam and the use of foam designed for extinguishing polar or non-polar fl ammable liquids for extinguishing solids can reduce compressed air foam extinguishing effect. However, for this hypothesis to be confi rmed, it is necessary to carry out more repetitions of tests under the same conditions. Given the complex nature, it is complicated to test the extinguishing effect of different fi refi ghting foams. The most important infl uence that might skew the test results is the manual application of foam. This manual application is largely random and can vary by applicant. It is for this reason the conditions were chosen for a confi ned space fi re where, because of limited ventilation, thermodynamic conditions in different parts of the room without signifi cant deviations exist. Individuals conducting extinguishing are not able to infl uence the foams effect on the cooling of hot gases by directional application. It is different in the case of tests in the open environment, where the experience of the fi reman and the routing method to signifi cantly affect the amount of time to extinguish the fi re can be impacted. Fig. 9 displays the thermographic image of the window before and after 15 seconds after the start of application of the extinguishing agent. The obvious is the rapid drop in temperature in the area caused by the cooling hot gases and foam covering hot surfaces. The output of the tests is also affected by these technical restrictions. Tests 1 -3 included contact thermocouple shells, thereby affecting the accuracy of measurement, when the measured temperature is slightly lower than actual. A Sheath Thermocouple of 2 mm in diameter exhibits a time constant of about 5 -10 seconds with such conditions, which could affect the measured values in scenes with rapid movement.
Conclusion
From the practical tests performed, one can conclude that compressed air foam can be successfully applied to extinguish a fi re in a confi ned space and in conditions just after the fl ashover during the third stage of fi re development. Compressed air foam applied to the ceiling layer of hot gas has a cooling effect and the application of compact foam stream. Nevertheless, the foam application was continuous; there was signifi cantly less development of steam as compared to the application of the same using extinguishing water (which agrees with training in these cases routinely performed). On the scene of the fi re and was exhibited signifi cantly better visibility, which made it easier to fi nd the source of fi re. After extinguishing with compressed air foam on the fl oor, a minimal amount of unused extinguishing agent remains. It can be concluded that the use of compressed air foam in rooms can positively reduce secondary damage caused by the fi re extinguishing water. Standardized tactics for routine use in these types of fi res is lacking. Additional tests carried out in larger areas would be appropriate. At a minimum, the footprint of a conventional fl at panel apartment building should be further tested. pp. 20 -25, DOI 10.1515 pp. 20 -25, DOI 10. /tvsbses-2015 
